The dynamical behavior of a two-level atom under the influence of two intense pump beams is examined. Exact equations for the nonlinear susceptibilities to all orders in the field strengths are derived. Numerical results for the nonlinear susceptibilities giving the absorption of the radiation from either of the pump beams and the generation of the four-wave mixing signal are given. The susceptibility for four-wave mixing, in addition to showing various saturation peaks, shows a peak at = 2 even in the case of radiative relaxation. Higher-order multiphoton peaks in the absorption spectra are found to be extremely sensitive to the temporal fluctuations in the pumps.
INTRODUCTION
The dynamical behavior of a two-level atom in the presence of a single-mode field is well understood.' Such a dynamical behavior can be probed 2 -8 by using another external beam of a different frequency, assuming that the probe field is weak. Such probe-field absorption spectra are known 2 to show regions of the parametric gain provided that the pumping field is strong enough to saturate the two-level transition. The predictions on the weak-probe-field absorption spectra have been experimentally verified 3 4 using both rf and optical fields. Some years ago Bonch-Bruevich et al. also investigated the effect of the temporal fluctuations 4 of the pump field on the weak-field absorption spectra. Their results are in good agreement with the theoretical models of the pump-field fluctuations. 9 "1 0 Bonch-Bruevich et al. later carried out a series of experiments in which even the probe field was taken to be an intense one. 8 The new spectra, when both pump and probe were intense, exhibited a number of remarkable features, for example, the appearance of the subradiative structures. Toptygina and Fradkin" have recently presented a theoretical explanation for the appearance of subradiative structure and various multiphoton absorption peaks. Since fluctuations of the pump beams were an important factor in the weak-field spectra, the question arises: What happens to the multiphoton absorption peaks if the temporal fluctuations of the two intense fields pump and probe1 2 are taken into account? This is the object of our present theoretical study. Another problem that has attracted considerable attention is four-wave mixing1 3 in two-level atoms. If the probe and the pump fields are weak, then the four-wave mixing, the generation of a coherent signal at 2 2 -w, is described by the nonlinear susceptibility X( 3 )(-2W2 + 1 , 2 , 2 , -i); such a nonlinear susceptibility in the usual perturbation treatment is independent of the field strengths. However, if the fields are strong enough to saturate the transition, then X(3) becomes intensity dependent. It is then desirable to know the variation of X(3) as a function of the intensities, relaxation parameters, etc. Our analysis also yields this information along with a host of other higher-order1 4 x's.
In Section 2 we formulate the basic problem. In order to keep the system of equations tractable, we adopt the phase diffusion model to describe the temporal fluctuations in each pump. Previous experience has shown that this model is quite adequate. Exact equations for the ensemble averages of various atomic operators are given. In Section 3 the results of the numerical calculations are given. The rate of the energy absorption from each field is calculated for arbitrary values of the intensities of the two fields. The effect of the field temporal fluctuations on the multiphoton absorption peaks is discussed in detail. In Section 4 we investigate numerically the behavior of x(3) and discuss the various saturation peaks that X(3) can show. We also discuss the effect of relaxation parameters on X(3) and show that, because of saturation, the type of extra resonance discussed by Bloembergen and coworkers1 5 can also arise even in the case of radiative relaxation.
BASIC DYNAMICAL EQUATIONS IN THE FIELD OF TWO FLUCTUATING BEAMS
In this section we formulate dynamical equations giving the behavior of a two-level atom with states I1i) and 12) separated by hwo, in the field of two fluctuating fields. The fluctuations in each field are described by the phase diffusion model, i.e., we write the fields in the form The ,'s are delta-correlated Gaussian random processes with zero mean:
3) The optical Bloch equations in the rotating wave approximation are given by 
T1
-2id -*(t where d is the dipole matrix element. On making the transformation to the rotating frame
we can write Eq. (2.4) in the following matrix form:
where the nonvanishing elements of f, I, and B+ are = -1, f22 = +1, (2.17) the equation of motion for which is given by
Ensemble averaging can now be done by using the theory of multiplicative stochastic processes as explained in Ref. 9 , with the result that The system of equations is thus completely solved once the solution of Eqs. (2.17) and (2.18) is known. The off-diagonal elements of the density matrix are then obtained from Eqs. The rate of absorption of the energy Wi from the ith field is obtained by using We close this section by commenting on the case ) = 0, i.e., the case when both the lasers are completely correlated. In such a case Eq. (2.6) can be directly averaged as 
EFFECT OF PUMP TEMPORAL FLUCTUATIONS ON MULTIPHOTON PEAKS IN THE ABSORPTION SPECTRA
We now use the dynamical equations of Section 2 to study how the temporal fluctuations of the two pump fields affect the multiphoton absorption peaks. where a's depend on g 2 2 to all orders. a represents the absorption of a single photon from the beam at w in the presence of another field of arbitrary strength and this is the quantity measured in the experiments of Wu et al. 3 The field 2 can be imagined to dress the eigenstates of the atom. Thus a 2 ,+1 will represent the absorption of (n + 1) photons of frequency w 1 by the atom dressed by the field 2. The effect of the temporary fluctuations on a, is well known both experimentally and theoretically.
In the case when both the pumps are completely correlated, = = F 12 = , then the multiphoton absorption spectra in the presence of fluctuations can be obtained from those in the absence of fluctuations by using the simple substitution rule
The general case is extremely involved, and it does not appear to be possible to obtain a simple result even for the line center Figure 1 gives the behavior of the absorption spectra for the absorption of the energy from field 1 for g, > g 2 and when both the fields are strong. The figure shows that the multiphoton absorption peaks are wiped out with increase in F,. The effect of P 2 is similar. Only the peak corresponding to the frequency 2(gi 2 + g2 2 )' 1 2 and the first few multiphoton peaks survive. The behavior of the energy absorption from field 2 is similar, as is shown in Fig. 2 . Figure 3 shows in detail the effect of the laser fluctuations on the multiphoton absorption peaks. In order to see these absorption peaks, the laser bandwidths must not be more than few percent of the natural line width. Figure 4 is for much larger values of the bandwidths, whence only the structure at the line center survives. The case when gi < g 2 is illustrated in Fig. 5 .
The extreme sensitivity of the multiphoton absorption peaks on the temporal fluctuations of pump beams can be understood from the structure of the coefficients Dn [defined by Eq. (21.4) ]. The position and the width of the multiphoton absorption peaks are approximately determined from the zeros of an. For large n and in the absence of any temporal fluctuations, these are extremely narrow-for T, = T 2 these are located at ±(gl 2 + g 2 2 )1/ 2 /n with widths -(1/nT 2 ). Note that the laser temporal fluctuations (bandwidths) enter as n 2 F in the coefficients Dn and an. Hence these multiphoton absorption peaks acquire an additional width of the order of nF.
Since the relative separation of such peaks is of the order of gT 2 /n, it is clear that a small fluctuation will wash away such multiphoton structures.
EFFECT OF SATURATION ON THE NONLINEAR SUSCEPTIBILITY X(3) (-2W 2 + W1, 02,

W2,-W1)
As was mentioned in the introduction, x(3) yields the fourwave mixing signal in the direction 2k 2 -k,. 
The four-wave mixing signal is related to the induced polarization at 2W 2 -wi. The induced polarization is proportional to P12, and thus the component responsible for four-wave mixing is 4 2 V-l = 4,[l* Note that, in the limit of weak fields (Rabi frequencies << detunings), the induced polarization at Bloembergen et al. 15 have shown that S, in the limit of weak fields, has an interesting resonance at w, = W 2 with a width T,-' provided that the system has collisions; otherwise, for the case of radiative relaxation, S has no structure. This is illustrated in Fig. 6 , curve a. We also show in Fig. 6 (curves b and c) the effect of the saturation, which leads to the peak at co, = CW2, even in the case of the radiative relaxation,' 8 in addition to the multiphoton (saturation) peaks.' 9 The effect of collisions is not dramatic if the saturation effects are important. Note that, as the field intensities are increased further, more and more multiphoton absorption peaks start appearing as shown in Fig. 7 .
